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Global health disparitiesObjective: This article studies the impact of country level and individual level socioeconomic factors as predictors
of smoking cessation from a worldwide online smoking cessation participant preference study conducted from
2008 to 2011.
Method: We collected data through the San Francisco Stop Smoking Internet website. A total of 13,620 adult
smokers from 109 countries and territories entered the study. Participants were able to choose from among
nine components. Once selected, participants had access to their customized homepage that displayed a naviga-
tion bar with only the selected elements. The intervention was designed to take up to 8 weeks to complete. Par-
ticipants received emails to complete follow-up assessments at 1, 3, 6, and 12months after enrolling in the study.
Results: Of those who provided data at any follow-up (n = 4678), 38.3% reported quitting smoking for at least
seven days at one of the follow-ups. Multilevel logistic regression models demonstrated that greater gross do-
mestic product (GDP) per capita, higher level of individual education, and subjective socioeconomic status, sig-
niﬁcantly predicted the likelihood of quitting at 1-month follow-up.
Conclusions: Higher socioeconomic status at country and individual levels are associated with greater success in
online smoking interventions. Future studies should address this disparity.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Tobacco-related deathswill soon be responsible for 10% of all deaths
worldwide, making smoking the leading cause of preventable death in
the world (Mathers and Loncar, 2006). Those losses will be particularly
striking among low- andmiddle-income countries (LMIC)where 80% of
smokers reside (World Health Organization, 2014). In response to the
growing epidemic, the World Health Organization-sponsored Frame-
work Convention on Tobacco Control (World Health Organization,
2014) calls on parties to develop scientiﬁcally based research evidence
to assist in tobacco control efforts (Hosseinpoor et al., 2011). Although
there is a variety of smoking cessation aids on the market, they areternet Interventions for Health,
94304, United States.
of Minority Health and Health
nited States.
. This is an open access article underrarely used among LMIC countries' general populations due to their
high cost, lack of coverage by public insurance plans, and/or a general
mistrust of pharmaceuticals in treating nicotine dependence (Levinson
et al., 2006; Levinson et al., 2004; Sansores et al., 2010). It is therefore
imperative to explore other viable intervention methods.
Digital health interventions are one potential avenue for the devel-
opment and wide dissemination of population-based approaches to
smoking cessation (Sansores et al., 2010). eHealth approaches, includ-
ing online interventions, allow for standardized, scalable, low-cost
smoking cessation resources that can be used repeatedly throughout
the world, without losing their therapeutic power (“non-consumable”
-Muñoz, 2010; Muñoz et al., 2014). Our previous studies (Muñoz
et al., 2006, 2009) have demonstrated that online interventions yield
abstinence rates comparable to those reported for “consumable” inter-
ventions (i.e. interventions that are used up when delivered), such as
nicotine-replacement therapy or face-to-face counseling (Brendryen
et al., 2008; Muñoz, 2010; Schroeder, 2005). eHealth approaches, in-
cluding online smoking interventions, are therefore a far more realisticthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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afford traditional consumable interventions (Chen et al., 2012). Al-
though, to date, there have been 28 randomized control trials on
Internet-based interventions for smoking cessation which have includ-
ed over 45,000 participants (Civljak et al., 2013), little is known about
how socioeconomic factors impact the effectiveness of these
interventions.
We have argued that online interventions may help reduce health
disparities (Muñoz, 2010), by providing widely available resources to
people in countries where such resources are difﬁcult to access or do
not exist at all. However, it is unclear whether Internet interventions
may preferentially beneﬁt individuals from countries with higher levels
of economic development and/or with higher individual socioeconomic
standing, thus increasing rather than decreasing health disparities. It is
possible that Internet interventions help individuals of higher socioeco-
nomic status or individuals inwealthier countries for reasons other than
merely the availability of technology. The goal of this article is to ex-
plore, whether country level and individual level socioeconomic factors
impact quit rates in an online smoking study, in which all participants
could be assumed to have access to the Internet by virtue of their partic-
ipation in the study. On a country level we examined Gross Domestic
Product (GDP) per capita and, on an individual level, education and sub-
jective socioeconomic standing (SSS) (Adler et al., 2000).
Economic factors at both a national and individual level have been
linked to smoking behaviors. National income differentially affects rates
of smoking behavior across socioeconomic levels, as well as likelihood
of attempting to quit and quitting successfully (Schaap and Kunst, 2009;
Siahpush et al., 2006). In low and middle-income countries (LMIC), men
who belonged to the lowestwealth quintile had 1.36 the odds of smoking
compared to those in the highest, whereas both men and women who
were more educated were less likely to smoke (Hosseinpoor et al.,
2011). One study examining socioeconomic variables in four high-
income countries (Australia, Canada, United Kingdom, and the United
States) found a distinct disparity between low SES and high SES individ-
uals and their smoking behavior (Reid et al., 2010). Those with lower
levels of education and income were less likely to report an intention to
quit and were less likely to have quit at a 1-month follow-up, than their
higher income and more educated counterparts. In Argentina, men with
higher education have lower current smoking rates than those with less
education, but for women more education is associated with higher
smoking rates (Martinez et al., 2006).
On an individual level, people with low socioeconomic status (SES)
tend to have a lower awareness of the negative health effects of
smoking (Siahpush et al., 2006), a higher prevalence of smoking
(Pampel, 2008), are more likely to be daily smokers and to smoke
more cigarettes per day (Hiscock et al., 2012). Consequently, those
with lower SES tend to report higher nicotine dependence than people
in higher socioeconomic groups (Hiscock et al., 2012; Pennanen et al.,
2014). In regards to education, in an LMIC sample, individuals with
higher education level have lower odds of smoking than those with
lower education (Bosdriesz et al., 2014). Troost et al. (2012) report
that higher education level and higher individual income predicts
higher likelihood of quitting among persistent smokers, more than
country income level, age distribution of smokers, or how recent the
onset of smoking began within each country. These ﬁndings suggest
that individual socioeconomic factors, especially education level, have
signiﬁcant predictive power over whether individuals will become
smokers and the likelihood of them successfully quitting.
Another individual level socioeconomic factor that may inﬂuence
smoking behavior is subjective social status (SSS). Recent studies em-
phasize that in addition to the relationship between high objective so-
cioeconomic resources and healthy behaviors, such as low smoking
rates and high quit rates, the value of socioeconomic resources lies, to
a certain extent, in how these resources are perceived (Schnittker and
McLeod, 2005; Singh-Manoux et al., 2001). A person's perception of
her/his relative position in the social hierarchy, including perceptionsof money, education, and respected jobs is referred to as subjective so-
cial status (SSS) (Adler and Matthews, 1994). A growing body of litera-
ture documents the association between SSS and health related factors
(Demakakos et al., 2008; Ghaed and Gallo, 2007; Nobles et al., 2013).
SSS has also been linked to both short- (Reitzel et al., 2010) and long-
term smoking abstinence (Reitzel et al., 2011) during a smoking quit at-
tempt. No simple measure of socioeconomic status used in surveys like
our study is perfect. The SSS adds a perceived dimension that appears to
be complementary to asking only about years of education or income. In
studies of two different populations, the SSS predicted health outcomes
well and has the potential to go above and beyond traditional SES indi-
cators such as education, income and occupation (Macleod et al., 2005).
This may be because SSS transcends access to material goods and re-
sources to capture class standing, tapping into perceptions of social
rank and the experience of societal inequalities, all which may have an
even more signiﬁcant relationship to health than traditional measures
of SES (Adler et al., 2000 and Franzini and Fernandez-Esquer, 2006).
Taken together, both country and individual level socioeconomic
factors are integral in understanding the mechanisms through which
smokers quit. Despite their importance, reports based on online
smoking cessation studies tend not to focus on socioeconomic factors
and focus on a variety of other predictors. For example, high intention
to quit and self-efﬁcacy were associated to higher quit rates and more
quit attempts (Smit et al., 2014; Elfeddali et al., 2012a; Elfeddali et al.,
2012b; Brendryen et al., 2008; Brendryen and Kraft, 2008). The pres-
ence of depressive symptoms and history of Major Depressive Episodes
was associated with lower quit rates (Muñoz et al., 2012). Regarding
gender, results are mixed and controversial for both online smoking
cessation studies and face-to-face interventions (Bailey et al., 2011;
Hoving et al., 2006; Japuntich et al., 2006; Seidman et al., 2010;
Wetter et al., 1999;Woodruff et al., 2008). One socioeconomic factor ad-
dressed in online cessation studies is education, which has been associ-
ated with an increased likelihood of quitting (Muñoz et al., 2012;
Seidman et al., 2010). However, Japuntich et al. (2006) and Hoving
et al. (2006) found education had no signiﬁcant effects on relapse rate.
Finally, for marital status, Hoving et al. (2006) found no differences be-
tween single and married smokers, but for men who had a smoking
partner there was an increased risk of relapse. In two ofﬂine longitudi-
nal studies, married men were signiﬁcantly more likely to quit than
those who were not (Broms et al., 2004; Khuder et al., 1999).
To our knowledge, no online smoking cessation studies have report-
ed data on national GDP per capita or SSS. This article examines socio-
economic factors as outcome predictors of a participant preference
trial of a stop smoking Internet site (Muñoz et al., 2012) previously test-
ed in traditional RCTs (Muñoz et al., 2006, 2009). Ourmain interest was
to explore the differential effect of country and individual level socio-
economic factors on quit rates in an online smoking cessation trial. At
a country level, we examined GDP per capita and on an individual
level education and SSS [Ladder] (Adler et al., 2000). Secondary analyses
explored predictors previously found to affect quit rates including gen-
der, marital status, and nicotine dependence level.
2. Methods
2.1. Recruitment
From 1998 to 2011 a team at the University of California, San
Francisco, Department of Psychiatry at San Francisco General Hospital
conducted several online smoking cessation studies in Spanish and En-
glish (Muñoz et al., 2006, 2009; Muñoz et al., 2012, Muñoz et al., 2015).
The last study, a participant preference trial of the “San Francisco Stop
Smoking Site”, ran from2008 to 2011.Muñoz et al. (2012) presents out-
come data from the ﬁrst year of the participant preference trial. Muñoz
et al. (2015) presents outcomedata from the subsequent year and a half.
The present report is a secondary analysis of the participant preference
study data spanning the full two and a half years.
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nism for this study. In response to Google searches related to smoking
cessation, potential participants were presented with a sponsored link
which directed them to either the English or Spanish version of the
website (www.stopsmoking.ucsf.edu or www.dejardefumar.ucsf.edu)
according to the language of the search term used. No incentives were
offered for participation in the study. The only eligibility criterion was
reporting being at least 18 years of age.
2.2. Study procedures
The landing page of the stop smoking site informed visitors that the
site was open to anyone who was over the age of 18 and that the inter-
ventionswere designed to take about 8weeks to complete. Eligible par-
ticipants were asked to provide a valid e-mail address so they could be
reached for follow-ups.
Once consented, participants received a baseline questionnaire that
included items related to demographics, smoking patterns, and history.
Rather than being randomized to particular intervention elements, as
had been tested in previous RCTs, participants were presented with a
menu of nine intervention components they could choose from to use
for the duration of the intervention. Participants were able to click on
links for each to select as many or as few components as desired. Addi-
tionally, participantswere allowed to “turn off” any component they did
not ﬁnd to be helpful at any time. Participants were then prompted to
select intervention components for their personalized website
homepage.
Once components were selected, participants had access to their
customized homepage that displayed a navigation bar with only the se-
lected elements for the duration of the study. In addition to access to the
website, participants received emails to complete follow-up assess-
ments at 1, 3, 6, and 12 months after enrolling in the study (see
Muñoz et al., 2012).
2.3. Intervention components
Participants were able to choose from among the following nine
components: (1) Pre-quit Checklist, a 10-item to-do list which includes
tips for smoking cessation such as removing smoking-related cues from
one's environment. (2) The Stop Smoking Guide (Guía para dejar de
fumar), which provides empirical information about the effects of ciga-
rettes, as well as methods for successful cessation. (3) The Nicotine Re-
placement Therapy Guide provides information to those considering
nicotine substitutes. (4) Taking Control of Your Life (Tomando Control
de su Vida) encourages participants to maintain a healthy mood state
by increasing pleasant activities. (5) Individually Timed Email Messages
(ITEMs) encouraging the participants to stop smoking. (6) The Mood
Management Intervention, an 8-session mood management course.
(7) The Virtual Group, an online forum where participants can post
messages. (8) The Journal, a text box to keep notes on their progress. Fi-
nally, (9) The Cigarette Counter allows participants to keep track of the
number of cigarettes smoked per day (For a detailed description of each
component see Muñoz et al., 2012).
2.4. Measures
2.4.1. Demographic questionnaire
After participants entered the website and provided informed con-
sent, a demographic questionnairewas administered to collect age, gen-
der, race/ethnicity, education, marital status and country of residence.
2.4.2. The Fagerström Test for Nicotine Dependence (FTND)
The Fagerström Test for Nicotine Dependence (FTND) (Heatherton
et al., 1991) was used to assess participants' level of addiction. The
FTND is a 6-item standard measure of nicotine dependence severity,
which yields a total score ranging from 0 to 10.2.4.3. 7-day abstinence
The smoking cessation outcome measure was self-reported 7-day
point prevalence abstinence deﬁned as a response of “no” to the ques-
tion “Have you smoked 1 or more cigarettes in the last 7 days?”,
whichwas asked as part of follow-up at 1, 3, 6, and 12months.Observed
quit rates are based solely on participants who completed follow-up
measures. We were interested in participants who successfully quit at
any assessment, thus, in our report, themain quit outcomewaswhether
participants responded “no” to the 7-day abstinence question at any of
the 1, 3, 6, or 12-month follow-ups.
2.4.4. GDP per capita
GDP per capita is intended as a measure to capture objective socio-
economic information on a country scale. The World Bank deﬁne GDP
per capita as the “gross domestic product divided by midyear popula-
tion... the sum of gross value added by all resident producers in the
economy plus any product taxes and minus any subsidies not included
in the value of the products” (World Bank, 2015). Because our studywas
conducted between 2008 and 2011, the GDP per capita was calculated
by averaging the per capita GDP (in thousands of U.S. dollars) across
these four years. GDP data per country was retrieved from the World
Bank (2015) (http://data.worldbank.org/indicator/NY.GDP.PCAP.CD).
2.4.5. Education
Participants selected their education level from the following op-
tions: 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-years of education, high
school completed, some college, bachelor's degree completed, master's
degree completed, doctoral degree completed. For the purposes of anal-
ysis, we recoded nominal education responses (e.g., master's degree
completed) into estimated years of education. High school completed
was recoded as 12 years; some college was recoded as 14 years;
bachelor's degree completed was recoded as 16 years; master's degree
completed was recoded as 18 years; doctoral degree was recoded as
20. While the use of years of education are not ideal for comparing
across countries due to different qualities of education and education
system structures, it has been used in other studies when no othermea-
sure of education is available (i.e., Cutler and Lleras-Muney, 2012).
2.4.6. Scale of subjective status (Ladder)
This is an instrument designed tomeasure subjective socioeconomic
status (Adler et al., 2000), which includes perceptions of money, educa-
tion, and respected jobs. Participants were presented with a picture of a
ladder with 10 rungs and the following description: “Think of this lad-
der as representing where people are situated in your country. The
top part of the ladder represents the people best situated in your coun-
try, who have the most money, most education, and most respected
jobs. The ﬁrst steps on the ladder represent people that areworst situat-
ed in your country, for example, those with the least money, a poor ed-
ucation, andwith the least respected jobs or unemployed. The higher up
you are on the ladder, the closer you are to people best situated. The
lower you are, the closer you are to the people worst situated. Using
the scale below, wherewould you place yourself on this ladder?” Partic-
ipants indicated at which ladder rung they thought of themselves as
being relative to other people in their country by selecting from “Bottom
rung-1” to “Top rung-10”. This measure is valid (Cundiff et al., 2013)
and has demonstrated sound test–retest reliability in multiethnic sam-
ples (Operario et al., 2004).
2.4.7. Marital status
Participants were asked to select marital status, choosing among
“married”, “living with signiﬁcant other”, “single”, “divorced”, or
“widowed”. To simplify analyses, categories of “married” and “living
with signiﬁcant other” were merged into a one category called
“Coupled”. Similarly, we merged “single”, “separated”, “divorced”,
“widowed” into a category called “Single”.
Fig. 1. CONSORT diagram. Note: the last four boxes in this ﬁgure represent a total of 4678 individuals who completed at least one follow-up and who were included in analyses.
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All analyseswere conducted using SAS 9.4. Datawere ﬁrst cleaned of
duplicate participants (where an email was used twice) and partici-
pants who entered an age over 100were also removed. For the primary
and secondary analyses, PROC GLIMMIX was used to estimate separate
multilevel logistic regressionmodels for each follow-up occasion. These
models examined the relationship between the dichotomous smoking
variable (0 = non-abstinent; +1 abstinent), and several individual
and country level socioeconomic variables. This approach accounts for
the non-independence among individuals sampled from the same
country by allowing the regression intercept to vary across countries.2
In the primary analysis, two person-level variables (SSS, education)
and one country level variable (per capita GDP) were examined as pre-
dictors of 7-day abstinence at the 1-month, 3-month, 6-month, and 12-
month follow-ups. In our secondary analyses we examined gender,
marital status, and nicotine dependence. Continuous predictors were
grand-mean centered and dichotomous predictors were dummy
coded. Although odds-ratios provide a direct measure of effect size
(Rosenthal et al., 2000) for individual predictors, we were also interest-
ed in examining the extent to which our country-level predictors were
able to explain cross-country variability in abstinence rates. As such, the
reduction of the country level variance component (i.e., variance of the
random intercept) associatedwith the inclusion of GDPwill be used as a
supplemental measure of effect size in the primary analysis.2 Random slopes were also tested for all person-level predictor variables, but the vari-
ance components associated with these effects were trivially small or non-estimable and
were dropped from the ﬁnal analysis.3. Results
3.1. Sample characteristics
From2008 to 2011 a total of 13,620 smokers provided consent, com-
pleted the baseline assessment, and obtained access to the intervention
elements; of these, a total of 4,678 individuals completed at least one
follow-up assessment reporting their smoking status andwere included
in our sample for analyses (Fig. 1). Participants were 49.5% women;
78.3% were Spanish-speaking; and 53.6% were coupled. The mean age
of the sample was 37.24 years (SD = 11.05). Participants were from
109 different countries, dependencies and territories worldwide. The
eight most represented countries, in order of frequency, were Spain,
Argentina, Mexico, India, Chile, Colombia, Venezuela and the United
States of America, with these countries comprising 80.8% of the total
sample. A total of 3,223 (23.7%), 2,210 (16.2%), 1,675 (12.3%), and
1,379 (10.1%) smokers answered the 7-day smoking abstinence ques-
tion at 1, 3, 6, and 12-month follow-up, respectively. Participants had
a mean FTND score of 4.67 (SD= 2.64); mean SSS level of 6.31 (SD=
1.55); and smoked a mean of 17.35 (SD = 10.48) cigarettes per day.
Complete demographic characteristics of consented baseline partici-
pants are presented in Table 1.
3.2. 7-day abstinence rates at one, three, six and twelve months
These data were used to calculate observed quit rates, which are de-
rived from those who completed follow-up at each follow-up period.
Among those who provided data, the observed quit rates (indicating a
quit period of at least 7 days) were 38.5%, 44.2%, 44.1%, and 46.8% at 1,
3, 6 and 12 month follow-up, respectively. One month observed quit
rates for the eight most represented countries, arranged by per capita
GDP are presented in Fig. 2.
Table 1
Demographics of consented smokers completing at least one follow-up.
Total consented baseline sample
with at least one follow-up
(n = 4678)
Discrete variables n (%)
Sex n = 4650
Male 2348 (50.5%)
Female 2302 (49.5%)
Language n = 4678
English 1015 (21.7%)
Spanish 3663 (78.3%)
Ethnicity n = 4618
Hispanic/Latino 3557 (77.0%)
Not Hispanic/Latino 1061 (23.0%)
Race n = 4659
Asian descent 360 (7.7%)
Native/indigenous 16 (0.3%)
European descent 2882 (61.9%)
African descent 43 (0.9%)
Mestizo 547 (11.7%)
Multiracial 78 (1.7%)
Other 733 (15.7%)
Education n = 4578
1–5 years 74 (1.6%)
6–11 years 119 (2.6%)
High school graduate 726 (15.9%)
Some college 1610 (35.2%)
Bachelor's degree 1448 (31.6%)
Master's degree 458 (10.0%)
Doctorate degree 143 (3.1%)
Marital status n = 4664
Single 2073 (44.4%)
Coupled 2591 (55.6%)
Continuous variables n Mean (SD)
Cigarettes per day n = 4600 17.35 (10.48)
SSSa n = 4664 6.31 (1.55)
Nicotine dependence n = 4631 4.67 (2.64)
a Subjective socioeconomic standing (Ladder).
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Our main analyses examined the relationship of per capita GDP,
years of education, and SSS, to smoking abstinence rates in an online
participant preference smoking cessation trial. We ran four multilevelFig. 2. Mean 7-day observed abstinence rates at one month by country GDP per capita.
Note: the eight most represented countries are displayed, arranged by GDP per capita.
GDP per capita was calculated by averaging the per capita GDP (in thousands of U.S. dol-
lars) across the years 2008–2011.Data was retrieved from the World Bank: http://data.
worldbank.org/indicator/NY.GDP.PCAP.CD.logistic regression models with years of education and SSS as the indi-
vidual level predictors, GDP per capita entered as country level predic-
tor, and reported observed quit rates at the four follow-up time points
as the dependent variables. In the analysis predicting 1-month absti-
nence, we found that SSS (OR = 1.081 [95% CI: 1.029, 1.135],
t(3098) = 3.08, p = .002), years of education (OR = 1.034 [95% CI:
1.003, 1.065], t(3098) = 2.13, p= .033), and GDP per capita (in thou-
sands of dollars; OR = 1.013 [95% CI: 1.007, 1.020], t(24.46) = 4.18,
p b .001) signiﬁcantly predicted observed abstinence rates at 1 month.
This can be interpreted tomean that, for every year of additional educa-
tion, the likelihood of smoking abstinence increased by 3.4%; for every
increase of one unit on the (10-point) SSS scale, the likelihood of
smoking abstinence increased by 8.1%; for every increase of $1000 in
per capita GDP (range from $292 to $106,608), the likelihood of
smoking abstinence increased by 1.3%. Moreover, the random intercept
variance describing cross-country differences in abstinence rates was
estimated at 0.040 (Z = 1.71, p b .05) in a null model (with no predic-
tors), but in the model including GDP, the variance fell to 0.009 (Z =
0.78, p = .23). This change in the random intercept variance suggests
that approximately 78% of the cross-country variability in quit rates
could be accounted for by the country-level predictor variables. Howev-
er, themagnitude of this effect should be interpretedwith some caution
because the degree of cross-country variability in the null model was
quite small, which means the predictors explained a large proportion
of variance that was rather small to begin with.
The analysis predicting 3-month abstinence revealed that years of
education (OR = 1.049 [95% CI: 1.012, 1.088], t(2145) = 2.59, p =
.010) and GDP per capita (in thousands; OR = 1.012 [95% CI: 1.003,
1.021], t(42.85) = 2.78, p = .008) signiﬁcantly predicted abstinence.
We found SSS was not a signiﬁcant (OR = 1.057 [95% CI: 0.996,
1.122], t(2145) = 1.82, p = .069) predictor of abstinence at 3-month
follow-up. Moreover, the random intercept variance was estimated at
0.068 (Z = 1.74, p b .05) in a null model and 0.041 (Z = 1.31, p =
.90) in the conditional model, suggesting that approximately 40% of
the cross-country variability in quit rates could be accounted for by
the country-level predictor variables. Turning to the analysis predicting
6-month abstinence rates, we found that SSS (OR = 1.156 [95% CI:
1.078, 1.240] t(1621) = 4.08, p b .001) and per capita GDP (in thou-
sands; OR= 1.019 [95% CI: 1.012, 1.026], t(1621) = 5.17, p b .001) sig-
niﬁcantly predicted observed abstinence. However, years of education
(OR = 0.985 [95% CI: 0.946, 1.026], t(1621) =−0.71, p= .478) failed
to signiﬁcantly predict 6-month smoking abstinence. The random inter-
cept variance was estimated at 0.078 (Z= 1.43, p= .08), however, this
variance componentwas estimated at zero in the follow-upmodel, sug-
gesting that virtually all of the cross-country variability in quit rates
could be explained by the country-level predictor variables. For the
12-month follow-up, we found that education (OR = 1.056 [95% CI:
1.010, 1.103], t(1333) = 2.42, p = .016) and per capita GDP (in thou-
sands; OR=1.009 [95% CI: 1.001, 1.017], t(1333)= 2.16, p= .031) sig-
niﬁcantly predicted smoking abstinence. SSS did not emerge as a
signiﬁcant predictor. Finally, the random intercept variance was esti-
mated at 0.017 (Z = 0.93, p = .18) in a null model however, this vari-
ance component was estimated at zero in the follow-up model,
suggesting that virtually all of the cross-country variability in quit
rates could be explained by the country-level predictor variables. Full
results of socioeconomic predictors of observed smoking abstinence at
1, 3, 6, or 12 months are presented in Table 2.
3.4. Secondary analysis
In our secondary analysis we conducted four logistic regression
models with gender, marital status, and nicotine dependence entered
as predictors in each model and observed smoking abstinence at the
four follow-up time points as the dependent variables. We found that
being in a couple was signiﬁcantly predictive of observed smoking
abstinence at 1- (OR = 1.361 [95% CI: 1.171, 1.582], t(3131) = 4.03,
Table 2
Individual and country level socioeconomic factors as predictors of observed quit rate.
OR 95% CI p
1 month Education 1.034 1.003–1.065 .033
SSSa 1.081 1.029–1.135 .002
GDP per capita 1.013 1.007–1.020 b.001
3 months Education 1.049 1.012–1.088 .010
SSSa 1.057 0.996–1.122 .069
GDP per capita 1.012 1.003–1.021 .008
6 months Education 0.985 0.946–1.026 .478
SSSa 1.156 1.078–1.240 b.001
GDP per capita 1.019 1.012–1.026 b.001
12 months Education 1.056 1.010–1.103 .016
SSSa 1.063 0.986–1.145 .110
GDP per capita 1.009 1.001–1.017 .031
Results from fourmulti-level logistic regressionswith observed quit rates at 1, 3, 6, and 12
month follow-up entered as the dependent variables. In all models per capita GDP, SSS,
and education were entered simultaneously. Signiﬁcance levels p N .05 are expressed in
bold.
a Subjective socioeconomic standing (Ladder).
415J.I. Bravin et al. / Internet Interventions 2 (2015) 410–418p b .001), 3- (OR = 1.433 [95% CI: 1.199, 1.712], t(2147) = 3.96, p b
.001), 6- (OR = 1.538 [95% CI: 1.253, 1.888], t(1632) = 4.12, p b
.001), and 12-month (OR = 1.543 [95% CI: 1.239, 1.923], t(1338) =
3.87, p b .001) follow-ups. Similarly, we found that nicotine dependence
signiﬁcantly predicted observed smoking abstinence at 1- (OR = 0.909
[95% CI: 0.883, 0.936], t(3131)=−6.53, p b .001), 3- (OR= 0.916 [95%
CI: 0.886, 0.948], t(2147) =−5.06, p b .001), 6- (OR = 0.936 [95% CI:
0.901, 0.974], t(1632) = −3.29, p = .001) and 12-month (OR =
0.934 [95% CI: 0.895, 0.975], t(1338) = −3.11, p = .002), such that
low nicotine dependence (on a 10 point scale) is associated with higher
chances of quitting. Gender was found to be signiﬁcantly predictive of
observed smoking abstinence at 1-month follow-up (OR = 1.202 [95%
CI: 1.034, 1.398], t(3131) = 2.40, p = .017), such that being male was
associated with increased chances of quitting. However, gender did
not emerge as a signiﬁcant predictor of observed smoking abstinence
at 3-, 6-, or 12-month follow-ups. Full results of the secondary analysis
are presented in Table 3.
4. Discussion
Although the relationship between socioeconomic factors and
smoking prevalence has been well established (World Health
Organization, 2014), little is known about how these factors may impact
treatment outcomes in online smoking cessation studies. Analyzing the
impact of socioeconomic factors may provide a better understanding of
their role as outcome predictors in online health interventions. These re-
lationships may allow intervention developers to better targetTable 3
Gender, coupled status and nicotine dependence as predictors of observed quit rate.
OR 95% CI p
1 month Coupled 1.361 1.171–1.582 b.001
Gender 1.202 1.034–1.398 .017
Nicotine dependence 0.909 0.883–0.936 b.001
3 months Coupled 1.433 1.199–1.712 b.001
Gender 1.189 0.994–1.422 .059
Nicotine dependence 0.916 0.886–0.948 b.001
6 months Coupled 1.538 1.253–1.888 b.001
Gender 1.191 0.970–1.462 .096
Nicotine dependence 0.936 0.901–0.974 .001
12 months Coupled 1.543 1.239–1.923 b.001
Gender 1.168 0.940–1.452 .160
Nicotine dependence 0.934 0.895–0.975 .002
Results from fourmulti-level logistic regressionswith observed quit rates at 1, 3, 6, and 12
month follow-up entered as the dependent variables. In all models being in a couple, gen-
der (women as reference group), and nicotine dependence were entered simultaneously.
Signiﬁcance levels p N .05 are expressed in bold.interventions as well as to modify them to obtain better outcomes with
subgroups that currently obtain inferior outcomes.We have therefore ex-
plored the differential effects of individual and national level economic
factors on quit rates in an online smoking cessation participant preference
trial (Muñoz et al., 2012; Muñoz et al., 2015).
In terms of national level economic factors, our ﬁnding that GDP per
capita was a signiﬁcant predictor of smoking abstinence at all four
follow-ups suggests that smokers in higher-income countries on average
may bemore responsive to online interventions. The range of odds ratios
during these three time points indicate that for every $1000 (US) increase
in GDP per capita, participants' chances of successfully remaining
cigarette-free increase by a relative difference of between 1.2 to 1.9%.
Given the large range of per capita GDP in the countries included in the
sample, with some countries having a per capita GDP of $1,299 (India)
to $48,327 (U.S.), this represents a potentially important predictor.
While we might intend for online interventions to help everyone around
the world equally regardless of their country's GDP per capita, it is possi-
ble that thosewho live in countrieswith lowerGDPper capita, in addition
to having less consistent access and less familiarity with computers and/
or the Internet may be negatively affected by their country's lower eco-
nomic status. Thus, even though Internet and computer use is on the
rise around the world, countries' income levels may result in differential
impact of online health interventions. It is possible, for example, that
high-income countries may have a greater number of smoking cessation
resourceswhichmay promote a “culture of quitting” thatworks synergis-
tically with online smoking cessation programs.
Nevertheless, online interventions may still help in reducing health
disparities by reaching those who could not otherwise afford smoking
cessation aids (Muñoz et al., 2014) especially if access to the Internet is
broadened for all persons independent of SES. While participants from
countrieswith lowerGDPper capita beneﬁted less than those in countries
with higher GDP per capita, our free online intervention still represents a
viable option for those in LMIC due to its low cost compared to face-to-
face interventions.
In terms of individual level factors, prior literature has found high SSS
to be associated with better health outcomes (e.g., Adler et al., 2000;
Demakakos et al., 2008; Nobles et al., 2013) as well as success quitting
smoking in face-to-face interventions (Reitzel et al., 2011). In ourﬁndings,
SSS was found to be a signiﬁcant predictor of smoking abstinence at 1-
and 6-month follow-up, and approached signiﬁcance at 3-month
follow-up. These ﬁndings show tentative support for SSS as a predictor
of smoking outcomes in response to online interventions, even after ac-
counting for other measures of SES, such as education and per capita
GDP. This may indicate that, even across countries with different GDP's
per capita, individual perception ofwhere one stands locally can inﬂuence
smoking behaviors. This observation should be tempered by the fact that
our samplewas predominantlywell educatedwith over 80%having some
college and very few had a low SSS score.
While previous face-to-face intervention studies have shown that ed-
ucation level has an impact on smoking prevalence and quit success
(Bosdriesz et al., 2014; Troost et al., 2012), online studies have shown
mixed results.Muñoz et al. (2012) reported that thosewith higher educa-
tionweremore likely to quit while Hoving et al. (2006) reported that ed-
ucation had no impact on relapse rates. Our analysis, using the same
dataset as Muñoz et al. (2012) and Muñoz et al. (2015), found education
to be a signiﬁcant predictor of smoking abstinence at three of the four
follow-up time points. This supports the notion that years of formal edu-
cation is an important predictor of quit success in online health interven-
tions although the proportion who had high school level or less was less
than 20%.
Theprimary purpose of this paperwas to explore individual and coun-
try level socioeconomic predictors of success in an online smoking inter-
vention. In an effort to understand these socioeconomic factors we
analyzed the predictive power of GDP per capita, SSS, and education on
abstinence. All three socioeconomic predictors were signiﬁcant at 1-
month follow-up, suggesting that socioeconomic factors play an
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these variables appeared to lose some predictive power over time, each
showed signiﬁcance or approached signiﬁcance at three out of the four
follow-up points. This supports the notion that socioeconomic factors
continue to have some inﬂuence on quitting over time. Overall, our
model appears to indicate that socioeconomic factors play a demonstrable
role in the beginning stages of quitting and amore limited, but important,
role in the longer-term processes of maintaining abstinence. However, it
is alsoworth noting, the observed decrease in the effect of socioeconomic
factors over timemay be related to the increasingly high dropout rates. It
should also be noted that, while GDP per capita appears to explain a ma-
jority of between country differences, these differences are small when
compared to individual differences. As such, we caution against using
these data with respect to individuals.
The inconsistency in signiﬁcance across time points is likely to be af-
fected by two factors that impact power. First, the effect sizes (odds ra-
tios) found with SSS are small to begin with, which makes detecting
signiﬁcant differences more difﬁcult. Second, due to the attrition typical
of long-term online studies there was a meaningful reduction in the
power to detect signiﬁcant differences. Given these limitations, examin-
ing the consistency of effect sizes across time points can bemore telling
than signiﬁcance tests. This is especially true in exploratory studies,
such as this one as they describe the magnitude of the effect. Examina-
tion of the odds ratios reveals fairly consistentmagnitudes, which are all
in the same direction. Finally, the framework of null hypothesis testing
protects against spurious ﬁndings. Given the consistency of effect sizes,
the factors that lowered power, and the protection against spurious
ﬁndings afforded by the null hypothesis framework lead us to the con-
clusion that the inconsistency of SSS across time points is due to a lack
of power rather than a spurious ﬁnding.
In order to verify the consistency of our results we ran a set of anal-
ysis comparing other variables with previous studies, including marital
status, gender and nicotine dependence. We found that being in a cou-
ple signiﬁcantly predicted observed smoking abstinence at 1-, 3-, 6-,
and 12-month follow-ups; a previous online study did not ﬁnd differ-
ences between being married or single (Hoving et al., 2006), but two
ofﬂine longitudinal studies, have shown that married men were signif-
icantly more likely to quit than thosewhowere not (Broms et al., 2004;
Khuder et al., 1999). Gender signiﬁcantly predicted observed smoking
abstinence only at 1-month follow-up (male participantswere associat-
ed with increased chances of quitting) but not at 3-, 6-, or 12-month
follow-ups; which seems congruent with the lack of clarity in previous
studies (Bailey et al., 2011; Hoving et al., 2006; Japuntich et al., 2006;
Seidman et al., 2010; Wetter et al., 1999; Woodruff et al., 2008). Finally,
lower levels of nicotine dependence signiﬁcantly predicted observed
smoking abstinence at 1-, 3-, 6-, and 12-month follow-ups; which is
consistentwithmost other studies and supports the validity of ourmea-
sures (Fagerström et al., 2012; Kenford et al., 2002).
Based on our results we have highlighted the point that higher GDP
per capita increased participants' chances of successfully remaining
cigarette-free. Although the effect size of this ﬁnding is small, it suggests
Internet interventions may actually increase health disparities. Howev-
er, it should also be noted that the analytic approach used in the present
study adopted a conservative approach regarding the inclusion of con-
trol variables in the primary analysis. Including additional covariates
(e.g.: nicotine dependence) would likely further attenuate the effect of
SES without inﬂuencing the observed predictive power of nicotine de-
pendence. In that case, GDP per capita might no longer be a signiﬁcant
predictor, suggesting that Internet interventions do indeed reduce
health disparities. However, we are presenting these results as a cau-
tionary tale for those developing Internet interventions.
4.1. Limitations and future directions
There are various limitations to consider when interpreting the re-
sults of this study. Although the World Bank is still using GDP as aneconomic measure, GDP per capita may not be the most accurate mea-
sure of national economic status. While GDP per capita roughly mea-
sures a country's economic development, it does not capture
inequalities of wealth distribution that may exist within a country. For
example, GDP per capita is not sensitive to disparities in individual in-
come, amount of government spending, or amount of progressive taxa-
tion. In addition, most of the previous studies cited on the association of
SES, education, gender andmarital status on smokingwere generated in
high-income countries, thus their result may not be generalizable to
LMIC. Although this study has shown evidence for the impact of socio-
economic factors on smoking cessation, future research should take
into account alternative measures of national economic progress as
well as investigate the speciﬁc mechanisms through which socioeco-
nomic factors affect smoking cessation. For example, it is likely that
GDP per capita has an impact on smoking cessation behavior through
some other variables, such as availability of cessation information, ces-
sation aids, or regulations regarding smoking in public places. We rec-
ommend that future studies delve deeper into the precise
mechanisms through which a countries' economic climate may inﬂu-
ence smoking behaviors. A low proportion of participants with less ed-
ucation and low SSS score limited our ability to explore the individual
effects within the context of GDP per capita in this population.
Another limitation of the present study is the absence of a control
group. In this study, it is not clear if participants were more likely to
quit and stay quit throughout the follow-up period if theywere exposed
to certain intervention components or combination of components, or
how their smoking behaviorwould differ to those not exposed to the in-
tervention. We can, however, compare our quit rates with those found
in nicotine patch trials. Fiore et al. (1994), in a meta-analysis of efﬁcacy
studies, conclude that “Evenwhen patients are given the nicotine patch,
only about 22% are abstinent after 6 months, averaging across diverse
studies” (Page 1947). This rate is similar to the 20–21% missing =
smoking rates that we have reported in randomized trials of our online
interventions (Muñoz et al., 2009).
The present study was limited by high dropout rates; while high
dropout is a characteristic of Internet interventions (Eysenbach, 2005),
future research should investigate ways to increase participant engage-
ment so that ﬁndings may be more reliable and generalizable. Further
investigation of participants' reasons for dropping out are also necessary
in order to rule out any possible negative effect our website may have
had, such as possibly causing deterioration of target symptoms
(Rozental et al., 2014; Schueller et al., 2013) or increasing one's sense
of frustration at not succeeding in quitting smoking.
While our study does suggest that Internet-based interventions are
reaching more educated participants regardless of the country level in-
dicators, it is possible that this gradientmay be reduced over time. As In-
ternet access continues to expand into LMIC, we might see more and
more people of all economic strata accessing and beneﬁtting from free
online resources such as our smoking site. Additionally, researchers
can expand into other modalities, such as mobile technology-based
(mHealth) interventions. It is projected that 90% of the world's popula-
tion over 6 years old will have a mobile phone by 2020 (Jonsson et al.,
2014). Thus, by continuing to develop Internet-based and mHealth in-
terventions, we may begin closing the gap in accessibility to health in-
terventions that exists between LMIC and high-income countries.
This study supports the contention that individual and country level
socioeconomic variables have a signiﬁcant impact on the outcome of
online smoking cessation interventions. Better understanding the fac-
tors that reduce the effectiveness of online interventions in smokers
from lower-GDP per capita countries, with less education, and lower
SSS would help developers design better interventions to target these
populations. Since eHealth andmHealth interventions are becoming in-
creasingly available to people from all countries and all socioeconomic
strata, it is important that we hone our interventions to target those
who are most vulnerable to smoking behavior. Otherwise, rather than
reducing disparities within smoking populations worldwide, we may
417J.I. Bravin et al. / Internet Interventions 2 (2015) 410–418actually be increasing them. We propose that researchers make a con-
certed effort to identify the barriers, other than Internet and computer
access, that those from LMIC face in using and beneﬁting from these
types of interventions. By identifying these barriers we can create inter-
ventions that can reach people around the world taking into account
differences in effectiveness related to national and individual economic
levels.
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